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ChaDter VIII - SUMMARY AND SUGGESTIONS FOR FUTURE WORK
The  rna in  a im  o f  t h i s  i nvesE l -ga t i on  was  Eo  con t r i bu te  t o  an  unde rs tand -
i ng  o f  t he  evo lu t i on  o f  ga lax l es  l n  a  c l us te r  env i r onmen t ,  t h rough  a  s tudy
o f  t he  e f f ec t s  o f  such  an  env l - r onmenE  on  t he  neu t ra l - hyd rogen  p rope r t l es  o f
ga lax i es .  Fo r  t h i s  pu rpose  H I  obse rva t i ons  have  been  ca r r i ed  ou t  w i t h  t he
I , i es te rbo rk  Syn thes i s  Rad io  Te lescope  ( I , ISRT)  t o  de te rm ine  t he  rad ia l  d i s t r i -
buE ions  o f  t he  H I  su r f ace  dens l t y  f o r  a  samp le  o f  36  sp l r a l  ga l ax i es  i n  t he
V i rgo  C lus te r .  These  H I  d l s t i bu t i ons  have  been  compared  w l t h  t hose  l n  sa rn -
p1e  o f  ga lax i es  i n  a  l ow -dens i t y  env i r onmen t  ( f i e l d  samp le ) .
The  se lec t i on  o f  t he  V l r go  C lus te r  and  f l e l d  samp les  has  been
desc r i bed  i n  Chap te r  I I .  The  obse rva t l ona l  r esu l t s  f o r  t he  V i r go  C lus te r
samp le  and  t he  de r i vaE ion  o f  t he  H I  su r f ace -dens i t y  d i s t r i bu t i ons  f o r  t he
ga lax i es  l n  t h i s  samp le  a re  p resen ted  i n  Chap te r s  I I I  t o  V ;  t he  resu l t s  o f
add i t i ona l  obse rva t i ons  o f  l 2  f l e l d  ga lax l es  a re  g i ven  i n  Chap te r  V I .
I n  Chap te r  V I l  a  compar i son  i s  made  becween  t he  H I  p rope r t i es  o f  ga l -
ax i es  i n  t he  V i r go  C lus te r  and  t he  f i e l d  sa rop le .  The  compar i son  i s  based  on
t . h ree  pa rame te rs  de r i ved  f r om the  H I  su r f ace  dens i t y  d l s t r i bu t l ons  co rob ined
w i t h  t he  d imens lons  o f  t he  op t i ca l  d i sks :  t he  ra t i o  o f  t he  i sopho ta l  H I
d i ame te r  ( a t  t he  1eve l  o f  1  M"  p " -2 )  and  t he  i sopho ta l  op t l ca l  d i a rne te r  ( a t
25  mag  
" r " sec -2 ) ,  t he  ra t l o  be t r , r een  t he  sca le  l eng th  o f  t he  H I  d i s t r i bu t i on
and  t he  op t i ca l  d i ame te r ,  and  t he  ave rage  H I  su r f ace  dens i t y  w i t h i n  ha l f
t he  op t i ca l  r ad ius .  The  na in  d l f f e rences  be tneen  t hese  pa rane te r s  f o r  t he
V i rgo  C lus te r  and  f l e l d  sanp les  have  been  summar i zed  i n  Sec t i on  3 .5  o f
Chap te r  V I I  ( page  240 ) .  I n  t he  c l us te r  co re ,  i n  pa r t i cu l a r ,  t he  H I  pa ra -
meEers are anomalous.
Seve ra l  i n t e rac t i on  p rocesses  have  been  cons ide red  as  poss ib l e  exp la -
na t i ons  o f  t hese  anoma l i es ;  co l l l i s i ons  and  t l da l  s t r i pp i ng  o f  ga lax i es ;
t he rma l  evapo ra ! i on  o f  t he  H I  gas ,  caused  by  t he  su r roundLng  ho t  i n t r a -
c l us te r  med iu ro l  and  ram-p ressu re  s t r i pp i ng ,  caused  by  t he  movemen t  o f  ga1 -
ax ies  w l t h  r espec t  t o  t he  i n t r ac l us te r  med ium.  Qua l i t a t i ve  and  sem i -quan t l -
t aE i ve  compar i son  o f  t he  resu l t s  ob ta i ned  i n  t he  p resen t  wo rk  w l t h  p red i c -
t l ons  f o r  t hese  i n t e rac tLon  p rocesses  shows  t ha t  on l y  t he  p rocess  o f  r am-
p ressu re  sE r i pp ing  can  adequa te l y  exp la i n  t he  va r i ous  anoma lous  H I  p rope r -
t l es  f ound  f o r  V l r go  C lus te r  ga lax l es .  The  o the r  p rocesses  canno t  p roduce
the  obse rved  gas  d i s t r i b r , r t i ons ,  o r  ac t  on  t lme  sca les  wh l ch  do  no t  ag ree
w i t h  t he  t lme  sca les  r equ l r ed  t o  se t  up  t hese  d i s t r i bu t l ons .  A  summary  o f
t he  con f ron taE ion  o f  obse rved  H I  phenomena  w i t h  s imp le  node l  p red i c t i ons  i s
g i ven  l n  Tab le  6  o f  Chap te r  V I I  ( page  249 ) .
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0 f  c o u r s e ,  i n v e s t i g a t i o n s  o f  t h e  k i n d  p r e s e n t e d  i n  t h i s  t h e s i s  a r e  f a r
f r om co rnp le te  and  can  be  ex tended  i n  many  respec t s .
F i r s t ,  a s  i n  a l l  o t h e r  c o m p a r a t i v e  H I  s t u d i e s ,  i n  t h i s  t h e s i s  t h e
e f f ec t s  o f  a  c l us te r  env i r onmen t .  on  t he  op t i ca l  p rope r t i es  o f  ga lax i es  have
been  i gno red .  A l t hough  p rev i ous l y  t h i s  neg lec t  was  de fended  on  qua l i t a t i ve
g r o u n d s ,  i n d i c a E i o n s  n o w  e x i s t  t h a t  t h e  s t e l l a r  c o m p o n e n t  i s  i n d e e d  a f f e c t -
e d  b y  t h e  e x t e r n a l  m e d i u m  ( e . g .  B o s r n a ,  l 9 B 5 ) .  F u r t h e r  i n v e s t i g a t i o n  o f
t hese  phenomena  i s  c l ea r l y  needed .  Fo r  t h j . s  pu rpose  su r f ace  pho tome f r y  o f  a
s a n p l e  o f  g a l a x i e s ,  r e p r e s e n E a E i v e  f o r  t h e  p o p u l a t i o n  o f  t h e  c l u s t e r ,  w i l l
ce r t a i n l y  be  o f  g rea t  va l ue .  Impo r tan t  op t i ca l  pa rame te rs  f o r  co rnpa r i son  o f
c l usce r  and  f i e l d  ga lax i es  may  i nc l ude :  r he  d i s l c - t o -bu lge  ra t i o ,  t he  sca le
l e n g c h  o f  t h e  d i s k ,  a n d  t h e  c o l o u r  d i s r r i b u t i o n .  S u r f a c e  p h o t o m e t r y  s h o u l d
g o  a t  l e a s t  a s  d e e p  a s  2 6  m a g  a r " s e c - 2 ,  s o  t h a E  t h e  e n v i r o n m e n t a l  e f f e c t s
on  che  s te l l a r  componen t  may  be  t r aced  i n  t he  ou te r  r eg ions  wh i ch  a re  f ound
t o  b e  H l - d e f i c i e n t .  D e t a i l e d  s u r f a c e  p h o E o r n e t r y  i n  c o m b i n a t i o n  w i t h  h i g h -
r e s o l u t i o n  o b s e r v a t i o n s  o f  t h e  H I  d i s t r i b u t i o n  m a y  a l s o  h e l p  t o  u n d e r s t a n d
l i o i r  t h e  p r o c e s s  o f  s c a r  f o r m a t i o n  a n d  g a l a c t i c  e v o l u t i o n  a r e  a f f e c t e d  b y
t h e  d e p l e t i o n  o f  t h e  i n t e r s t e l l a r  m e d i u m .
Second l y ,  v / i Lh  f he  res t r i c t i ons  on  t he  t o ta l  amoun t  o f  obse rv i ng  t ime
devo ted  t o  t h i s  p ro j ec t ,  and  t he  l a rge  bea ros i ze  i ' n  dec l i naE ion  o f  t he  t r r lSRT
i n  t h e  V i r g o  C l u s t e r  a r e a ,  d e f a i l e d  m e a s u r e n e n E s  o f  v e l o c i t y  f i e l d s ,  a n d
h e n c e  r o t a t i o n  c u r v e s ,  o f  E h e  V i r g o  C l u s t e r  g a l a x i e s  c o u l d  n o t  b e  o b t a i n e d .
The  ava i l ab i l i t y  o f  such  ro ta t i on  cu rves  wou ld  a l l ow  compa t i son  o f  t he  H I
s u r f a c e - d e n s i t y  d i s t r i b u t . i o n  \ " / i t h  E h e  d i s t r i b u t i o n  o f  m a s s .  S i n c e  1 r  h a s
been  suggesEed  t ha t  " da rk  ha los "  i n  Ehe  ou te r  pa r t s  o f  ga lax i es  r n i gh t  be
a f f e c t e d  b y  e n c o u n t e r s ,  i n  p a r t i c u l a r  i f  t h e s e  h a l o s  e x t e n d  o u t  t o  m o r e
f h a n  1 0 0  k p c  ( R i c h s t o n e ,  1 9 7 6 ) ,  i t  w o u l d  b e  o f  g r e a t  i n t e r e s t  t o  d e t e r m i n e
the  pa rame te rs  o f  " da rk -ha lo "  componen ts  o f  c l us te r  ga lax i es ,  and  conpa re
these  w i t h  l hose  f o r  f i e l d  ga lax i es .  These  measu remen ts  m igh t  a l so  be  used
to  compare  s t r uc tu res  i n  t he  ve loc i t y  f i e l d  i n  t he  ou te r  r eg ions  o f  c l us te r
ga lax i es  w i ch  p red i c t i ons  made  by  hyd rodyna rn i ca l  mode l s  o f  r am-p ressu re
s t r i p p i n g ,  a n d  w i E h  m o d e l s  o f  t i d a l  i n t e r a c t i o n .  I n  a d d i t i o n , 2 l - c m  l l n e
obse rva t i ons  w i t h  h i gh  angu la r  r eso lu t i on  may  he lp  t o  answer  t he  ques t i on
i f  k i n e r n a t i c a l  w a r p s ,  o b s e r v e d  i n  s p i r a l  g a l a x i e s  i n  t h e  f i e l d  ( s e e  e . g .
I ^ Jeve rs ,  1984 ) ,  appea r  mo re  f r equen t l y  i n  ga lax i es  embedded  i n  a  c l us te r
env i r onmen t ,  and  hence ,  i f  exEe rna l  dyna ro i ca l  l n f l uences  a re  connec ted  w i t h
t h e  o r i g i n  o f  t h e s e  w a r p s .  F o r  t h e s e  s E u d i e s ,  h i g h - q u a l i t y  v e l o c i t y  f i e l d
a n d  r o t a t i o n  c u r v e s  o f  V i r g o  C l u s t e r  g a l a x i e s ,  w i t h  a n g u l a r  r e s o l u t i o n s  o f
t he  o rde r  o f  30  a r csec ,  a re  r equ i r ed ;  a t  p resen t  such  measu re roen t s  can  on l y
be  adequa te l y  r nade  us l ng  t he  Ve ry  La rge  A r ray .
Th i r d l y ,  as  po in ted  ou t  i n  Chap te r  V I I ,  r ecen t  A rec i bo  I { I  r esu l t s
ob ta i ned  f o r  a  samp le  o f  dwa r f  i r r egu la r  ga lax i es  i n  t he  V i r go  C lus te r  seem
to  i nd i ca t . e  Eha t  t he  ave rage  I I I  de f i c i ency  f o r  ch i s  c l ass  o f  ga lax l es  i s
no t  s i gn i f i can t l y  d i f f e ren t  f r on  Eha t  f ound  f o r  sp i r a l  ga l ax i es  (Ho f f r oan  e t
a 1 . , 1 9 8 5 ) .  I l o w e v e r ,  i f  t h e  e f f e c t s  o f  r a r n - p r e s s u r e  s E r i p p l n g  a r e  i n d e e d
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t i g h t l y  c o u p l e d  t o  r h e  s u r f a c c  d e n s i c y  o f  t h e  s t e l l a r  c o m p o n e n t ,  a s  e q u a -
t i o n  ( I )  i n  C h a p t e r  V I I  s u g g e s t s ,  d w a r f  g a l a x i e s  s h o u l d  b e  m o r e  s u s c e p t i b l e
t o  c h e  s w e e p i n g  m e c h a n i s m .  I t  i s  E h e r e I o r e  i n E e r e s t i n g  t o  c o m p a r e  H I  d i s -
t r i b u t i o n s  i n  a  s a m p l e  o f  d w a r f  g a l a x i e s  w i t h  t h e  d i s t r i b u t i o n s  f o r  t h e
m o r e  l u m i n o u s  g a l a x i e s  c o l l e c L e d  i n  t h i s  t h e s i s .  A  s t u d y  o f  r h i s  k i n d  h a s
r e c e n c l y  b e e n  s t a r f e d  b y  t h e  p r e s e n E  w r i t e r ,  i n  c o l l a b o r a t i o n  r ^ r i r h  D r s .  E .
S k i l I m a n  a n d  G .  B o t h u n ,  a n d  w i l l  h o p e f u l l y  l e a d  t o  a  b e t t e r  u n d e r s L a n d i n g
o f  r h e  p r o c e s s  o f  r a m - p r e s s u r e  s t r t p p i n g .  T n  a d d i t i o n ,  t h e s e  o b s e r v a t i o n s
m a y  p r o v i d e  i m p o r t a n t  i n f o r m a t i o n  a b o u t  t h e  p r o c e s s  o f  s t a r  f o r m a t i o n .  O f
p a r E i c u l a r  i m p o r t a n c e  i s  t h e  q u e s c i o n  w h e t h e r  s t a r  f o r m a t i o n  c a n  o c c u r  i n
r e g i o n s  w h e r e  L h e  H l  s u r I a c e  d e n s i t y  i s  b e l o w  a  c e r t a i n  t h r e s h o l d  v a l u e ,
a n d  c o n s e q u e n t l y  w h e t h e r  s c a r  f o r m a t i o n  c a n  s t i l l  t a k e  p l a c e  i n  r e g i o n s  o f
g a l a x i e s  w h i c h  h a v e  b e e n  p a r t l y  s t r i p p e d  o f  t h e i r  i n t e r s t e l l a r  m e d i u m .
F i n a l l y ,  t h e  q u e s t i o n  r e m a i n s  w h y  s o r n e  g a l a x i e s  i n  t h e  V i r g o  C l u s t e r
c o r e  a p p a r e n t l y  h a v e  n o t  s e v e r e l y  b e e n  a f f e c t e d  b y  t h e  e n v i r o n n e n t .  P o s s i -
b 1 y ,  t h e s e  g a l a x i e s  h a v e  o n l y  j u s t  e n t e r e d  t h e  r e g i o n  i n  t h e  c l u s t e r  w h e r e
s t . r i p p i n g  i s  e f f i c i e n t .  A n o t h e r  p o s s i b i l i t y  i s  t h a t  t h e y  a r e  r e s i d e n r  i n
f h e  o i l f e r  r e c i o n s  n F  t h e  . l r r q r c r  a n d  r h r t  r h c i r  a n n a r c n r  l O c a t i o n  i n  t h e
c l u s t e r  c o r e  i s  o n l y  a  n r o j e c t i o n  e f f e c t .  T o  c l a r i f y  t h i s ,  m e t h o d s  a r e
n e e d e d  c o  d e t e r m i n e  d i s t . a n c e s  w i t h  a n  a c c u r a c y  o f  t h e  o r d e r  o f  5 % .  I t  w o u l d
f h e n  h e  n o s s i b l e  r o  s p n a r a f e  p a l a x i e s  i n  f h e  n c r i n h e r v  f r o n  t l r o s e  w h i c h  a r e
i n d e e d  l o c a t e d  i n  t h e  c l u s t e r  c o r e .  I f  t h e  V i  r g o  C l u s t e r  g a l a x i e s  c a n  b e
r e s o l v e d  b y  o p t i c a l  t e l e s c o p e s ,  t h e  b r i g h t e s t  b l u e  a n d  r e d  s t a r s  m a y  o f f e r
t h e  p o s s i b i l i t y  t o  d e t e r m i n e  d i s t a n c e s  m o r e  a c c u r a t e l y  ( S a n d a g e ,  1 9 8 5 ) .  A t
p r e s e n t  s u c h  o b s e r v a t i o n s  a r e  m u c h  t o o  t i m e - c o n s u m i n g ;  h o w e v e r ,  w i t h  t l l e
i n c r e a s e  i n  s e n s i t i v i t y  a n d  a n g u l a r  r e s o l u t i o n  e x p e c E e d  f r o m  a  n e w  g e n e r a -
t i o n  o f  o p t i c a l  t e l e s c o p e s  s u c h  o b s e r v a t i o n s  m a y  c o m e  w i t h i n  r e a c h .
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